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Summary &horbar; Ruminal starch degradation of untreated and formaldehyde-treated wheat and maize was measured in situ (trial 1) and in vitro (trial 2). The in situ starch degradability was higher for wheat than for maize (82.1 vs 52.3%), for untreated cereals than for cereals treated with 1 % formaldehyde (77.3 vs 67.0%) and for cereals treated with 1 % formaldehyde than those treated with 5% formaldehyde (67.0 vs 57.2%). The in vitro results were similar. The treatment of cereals by formaldehyde decreased starch degradability more for wheat than for maize, suggesting that the treatment was more efficient when cereal starch and/or nitrogen was highly degradable. Fonnadehyde treatment of wheat was more effective at decreasing the rate of wheat protein degradability than starch degradability.
The difference of response to treatment between the two cereals may be due to depending on the nature of the cereal grain and the type of processing (Nocek and Tamminga, 1991 (Chase, 1993; Poncet et al, 1995 respectively by Kjeldahl (AOAC, 1990) and by an enzymatic method (Thivend et al, 1965 DM, starch and protein degradation data were fitted to a single exponential equation (Orskov and McDonald, 1979 
Trial 2
The objective was to compare the effects of grain source (wheat or maize) and of formaldehyde treatment on in vitro gas and VFA production, and fermented organic matter (FOM). The fermenter was a closed system described by Jouany and Thivend (1986) and detailed by Ottou and Doreau (1996) 
RESULTS

Trial 1
The DM degradability ( Trial 2 Total gas production in the fermenters (fig 1) was higher for wheat than for maize (P < 0.001) between 1 to 6 h of incubation. Gas production was not modified with 1 % formaldehyde, but was rapidly stopped with 5% (table II) . The production of methane, carbon dioxide and VFA's as well as the amount of fermented organic matter for 6 h incubation were significantly higher for wheat than for maize (P < 0.001) (table II).
The 1 % formaldehyde treatment caused a decrease in the production of all VFA except butyrate and fermented organic matter (P < 0.001). The 5% level essentially stopped fermentation and the production of methane, carbon dioxide and VFA.
DISCUSSION
The in situ starch degradability of untreated maize grains was low (56%) and of the same magnitude (62%, 58 and 57%, respectively), as reported by Herrera-Saldana et al (1990), Cerneau and Michalet-Doreau (1991) and Grings et al (1992) , as maize ground to similar particle size. The in situ starch degradability of untreated wheat grains was very high (98.5%). When the cereal was ground through the same size screen, Herrera-Saldana et al (1990) and Walhain et al (1992) found starch degradabilities of 95 and 93%, respectively. Our in vitro results led to similar conclusions: a faster starch fermentation for wheat than for maize grains. However, the wheat starch degradability may be overestimated because the proportion of undegraded DM which is lost through bag pores is much higher for wheat than for maize, and is mainly made up of starch (Michalet-Doreau, 1990) . In cereals, the extent of starch digestion in the rumen is dictated by the nature of surrounding materials, protein matrix and endosperm cell walls (Kotarski et al, 1992) . Differences in starch degradation rate between cereals might be partly explained by differences in the degradation rate of the protein matrix which surrounds the starch granules (McAllister et al, 1993 (1990a) and in numerous in situ studies (Kassem et al, 1987; Morgan et al, 1989; McAllister et at, 1990b; Finlayson, 1991, 1994 (Kassem et al, 1987; Ravelo et al, 1988; Morgan et al, 1989; McAllister et at, 1990b) ; or when the amount of formaldehyde added to the cereal was multiplied by 3 (Morgan et at, 1989) or by 5 as in our study, starch degradability decreased with increasing level of formaldehyde. The variability in the response of the barley starch degradability could be partly due to the level of formaldehyde, and so to the process of formaldehyde incorporation.
In our study, the treatment of cereals by formaldehyde decreased the in situ starch degradability more for wheat than for maize, suggesting that the treatment is more efficient when the cereal starch and/or nitrogen is highly degradable. Moreover formaldehyde treatment of wheat was more effective at decreasing the rate of wheat protein degradability than starch degradability. Similar results were found concerning the effect of formaldehyde treatment on starch and nitrogen degradability of barley grains (Kassem et al, 1987 , McAllister et al, 1990b Curiously only the in vivo experiment using maize showed a significant effect of formaldehyde treatment whereas, in most experiments using wheat or barley, (a trial by Van Ramshorst and Thomas, 1988 , being the exception), no significant effect was found (Morgan et al, 1989; McAllister et al, 1992 , Ortega-Cerrilla and Finlayson, 1991 . This apparent contradiction between in situ and in vivo results can be explained by the null or low variation due to treatment when measured simultaneously in situ and in vivo (Morgan et al, 1989; Finlayson, 1991, 1994 
